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§iate, n"ﬂ itﬂu Com-g Bidy

Tho'Dirootor.
Bureau of Mines,

¥ashington, D.C. A/;Z; ///12 (j‘%& Z,MMM;

In conformity with your letter of lay 3 requesting a progress rendrt on
the work in my charge under the Bureau of Mines for the War and Navy Departments,
1 huve the honor to submit the folloviw:: ’ .

Mechanicsl EZngineerimng Division. W.E.Gibbs, Chief.

Mr., Gibba’completed some time ago the des igns and tests fur an absorber
to remove carbonic acid froﬁ the air ol submurines. He nas been working latlely
on the oxygen apparatus allotment from the Aviation Section Signsl Corps, and has
develuped now I believe to ite final form a device for supplying oxypen to
aviators to allow them to 0 Lo great altitudos. I am confident that th#® appara-
tus will be at least as efficient as the so-called Dreyer anparatus of the British
and French, several thousand of which are now under construction, and that, owing
to its compurative simplicity, it will be possible to construct it more chesply,
much more rapidly than the foreign spraratus. 1t is particula rly sdapted to
quantity production, while the foreign apparatus has heretofcre always been made
one at u time and Ly hand. 1 would respectfully reccmmend that the Gibbs
apparatus shculd be put into production at tho earliost possible date.

Dr. J.B.A. Byster has developdad i mask f'or aviators Lo hold a wireless
telephone transmittor and to provide also for the inhalation uf oxygen, for use
under the oxygen apparatus allotmont.

Medical desourch Laboratory, Hazelhurst Flbld, uineola.

Madical Resecarch Board: Yandell Henderson, Chairman.

Prescnt personnel of lavorztory, 54 officers, 32 non-commissloned officers
and privates, Lieutenant Colunel W.Hd.Wilmer, Commanding Officer; .ajor #@. G.
Seibert, ixecutive Ufficer.

The purpuse of this ilaboratory is to develop methods of testing and
_preserving the health and efficiency of aviators. st prosent it is stated that
as little &sa total of 150 houms of flying abcve 15,000 feet reniers an aviator
unfit for further flying over the linos and endungers his life if he persiats.
A very large percentage of Dritish and ¥rench aviators are reported to be thus
incapacitated, and the majority of those who lose their 11ves do 80 because of
faintinz in the «ir cr vecoming neurasthenic.

Working with an apparatus, the sv-called Henderson rebreathing upparatus
of my invention, we have doveloped at this laboratory tosts by which the altitude
to which sach particular aviator cun safely go is eusily determined without any
risk to his life cr hesalth. By means of sn examinuation of each aviator every
few waeks it will be possible tc prevent the greuter number of the fatalities
which now result in the case of men who, having gone stale, nersist in flying,
and are killed dn cunsequence.




Smaller iaboratories for the application of the methods are being erected
at ten uvthor aviation fields, and it 1s planned to have u similar testing
laboratory erected at all uf the aviustiun fields.

Work is alsc under way at this laboratory on improvements in the methods
of tosting the aviators' sense of eaquilibrium and on other matters bearing upon
the fitness of men for work in the air. This work is ¥n the immeddate charge
of .njlor Lewis, Captain Dunlap and Prof. Pike, the latter on sureau of Lines
cunsul ting, appointment.

Division of gas Factory Sanitary Inspection und Protection.

Captain i.C.Bradley, Chief. 5 contract surgecns, 5 lieutenants, L.R.C.,
2 civilians om mechanical research. ) :

This division protects the health ¢f the men in the war gas experiment
station a t the Aamericun University, Washington, and also provides sanitury
supcrvision and protection at all factories munufacturing poisunous guses for the
Army. Cover-all suite have been devoluped, and a very dangerous occupaijon has
been rendered practically safe. - It is belioved that except in cases of
individual carelessness an industry which is dustined to grow within the next
few months to very large proportions can be kept practiczlly free from fatalities.

Literature Division: Dr. Clarence J. West, Var Gus ikxperiment Station,
_American University, Washington. )

Dr. Vost is énguaged in collecting and compiling the ontire literature
bearing upon the medical and physiclogical side of poisonous gases.

Toxicvlogical Division: sirst Lieutenmnt E.K.karshall, 3.C.N.A.
2 lieutenants, 24 privates, & civilians.

This division perrorms the extremely important task of determining the
toxicity snd availability for military use of all new poisonous yases produced
by the chemists. A total of more than 150 nov substances have already been
studisd und intensive work on the toxicologieal pruperties of musturd ¢as, etc.,
iﬁvnder way.

inis division is to be reorpganized and enlarged under the general
supervision of Prof. ileia Hunt in ¢rder thot it may be able Lo keep up with the
rapidly increasirg volume of work.

Gus Shell Proviug Ground {Lakehurst, N.od.) Captuin Wm. 5. Bscen,B8.C.H.4.

At the lust refort there were azvout 200 officers and men under Capthin
3acon. at the proving ground gases which have been found in the laboratory to be
promising for military use will be fired in shells on a sufficient scale to
detcoraine the conditions for their efficient use in the field. The conditions
of actual warfare with trench system, etc. will be reproduced but with animals
(goats und dogs) in the trencnes instead of men. although the grouad was only
taken over about & weeks ago the chemical and pathological luzvoratories are
nearing completion and firing is expected to be under way at an ecarly date.
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Therapeutic Division. »Xrof. ». P. Underhill
Patholopical Division. Kajs M. C. Winternitz, LWL.R.C.
Physiblogical Research Division. Lieut. H. V. Haggard, S.C.N.A.

These divisions include at the present time 3 sergeants, 2 corporals,
12 privates, 15 civilians, employees of the 3ureau of ilines. These divisions
are working in the laboratories assigned tc the Government by Yale Universlty.
New liavon, Comnn.

The therapeutic division is working on the devolopment and improvement

of methods fur treating gas 1oisoning and particularly pulmonary edema. When

8 man has inhaled even a small amount of .ne ur other of the poisonous gases
now used in war the irritation of his lungs causes them after o short time

to becume inflamed sc thut fluid is poured out intu the zir sacs und he
practically drowns in the fluid, - & condition of so-culled pulmonary edema.

1o prevent the development of. this condition Prof. Underhil) and his cu-workers
have déveloped a method depend ing upon venesection and intravenous ingections
of saline,; which in experinontal animuls has proved capable of decreasing the
mortality of an svtherwise lethal concentration of gas by 60 per cent or botter.
"wo men. Lisutenants Wilson and Goldschmidt have been sent to France to introduce
this method, and they are now at work .ut Porton, the English experimenial
station, demenstrating the capabilities of the mothod.

Under Dr. Underhill's direction also iuvestiguations are going forward
regarding the treatment of gus cases with oxygen. This is the treutment which
the inglish s rticularly use at the present time to the cxclusion uf all othars.
The results 3f the investigations in New Haven however temnd to show that slthough
the adminisiration of oxygen produces some relief of the symptoms, it docs not
roduce the mortality. The guestion of the expenditure of & lamge amount of miney
for ox/guen inhalers to¢ Lo sent to the american troolﬁ will turn upon the final
cuteome of this :nvestigation.

In the physiologicel wnsearch diviedon invastigutions are under wgy on
tize changes .in the blood occurring under gassing and under shock. The results
obta.ined show the character of the change and have given valuable leads in
the direction of mcthods for countioracting shock. . Thase results were reported
at the recent meeting of the rhyejological Cormittee of the National Hesearch
Council, which is in touch with tho 3ritish ¢.mmittee of the same sort.

Under Major wWinte:nitz all animals dying ss dhe result of gassing in

New iiaven or in the gas laboratory at Weshington are autopsied and the character
of the changes studiad in groess and :microscopically. Among men who are gassed

a considerable parcentage . [ those who survive the 'irst few days laier develop
pneumonia and other pulmenary Lroubles. fThe invaestiputions under Hajor Winter-
nitz have already damonstrated that the source of tlie infection is the bactoria
of the subject's own mouth. Ilnvestipgations ore under way to determine the )
possibility of so sterilizing the mouth as to avecid these intercurrent infections
and for the develcpment of .ther methods of treating these cases.

Division for the study of chronic Gas Poisoning. In charge Dr. A. .
Loevenhart, University of Wisconsin.

Bxperience has already shown that small concentrations of pgas over o
considerable period of time produce effects distinct from the more acute effects.
Cases of this sort are common in fustories mi.iking poisonous chemiculs, and it



appeared certuin that they would ocecur in factories producing poisonous gusew
for use in war. Under Dr. Loevenhart's direction z number of the chemists and
physiologists of VWisconsin University, assisted by & group of students who stand
the night watches, ha ve been conducting experiments on prolopged intoxication
with low canceqtrations 0t gas on dogs, and have obtained results which will be
very useful in the protection of the workmen in factories, as well as having
bearings on gassing occurring on the battlefield.

‘Uimilar volunteer investigations in cooperation with the gensral purpose
of the work of the Burcan of idines are under way at the University of linnesota
and at W/estern Reserve University, Cleveland. . '

Opecial Consultation work. by Yandell Henderson,

Some months sgo 1 made an investigation of the air in submarines and
demonstrated the occurrence ¢f & sufficient emount of carbon monoxide to explain
the headaches und lassitude and occasional so-called "gasoliune jaugs" occurring
arong the crews of these vessels. This was the basis of a special report to the
Surgeon General of the Javy.

Under my direction Prof. L. F. Rettger has worked out a method of disin-
fecting gas masks, which is now being put into use at the cantonments in-con-
nection with anti-gas training f the troops.

1 aet alsd in an-advisory capucity Lo the divisions at the Amorican Uulver-:
sity and to tne (as Dei'ense Service on tochnical points regarding the amount of
rosistance allowable in musws und ot:er delails of constructing bearing upon
the cmofort und welfare o £ the men who are to woar them. The high resistance
to breathing was a grost handicap upon the British in the reccent Tighting when
they had-to woar their masks for days at a stretch, and it is, in my opinion,
extremely important to develop masks which may be worn with comfort, and in
wnich a man can perform maximum exertion, work his gun, and otherwise carry on.
Kedifications «f the imorican musk along these lines aro under why.

‘all of which is respectfully submitted.

YANDELL HISNDHERBON.
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Héw Haven, V Conn‘.
November 20,1918

Major H. C. Bradley

Chemical Warfare Service . . . : .
7th and 8 Streets, N.¥. '

Washington, D.C.

Dear Harold: . . 7 N

A8 requested in your lettor of November 1 I will try to put together.
some notes on the beginning of the medical science divisions of thae Gas Inves-
tigations. It happens however that in the spring and sumaor of 1917 1 wont to
washington every woek and therefore wrote very few letiers and have ulmost no
memorabilia. 1 have written to Director ianaing asking for a list of -every
one appuinted physiologists or junior physiologists in the Bureau, with dates
of sppointment. 1 will send you this as soon as.l obtain it, or perhaps you
can get it direct from ur. Bailey.

Please excuse the desulrory and, as 1 fear it will be, highly versonal
aocount whidh follows,

My connection with the Burcau of iines began in 1¢12. 'There had been a
cormission on resuscitation from electric shock appointed by the slectric light
industries and the Americun kedicul Association. . ﬁirecmor Holmes of the Bureau
of WJiues requested the physiologists ¢f this cumnission tc make a similar
resort to the Hurseu of iines ¢n mine gases (Pechnical Paper 77, 1914). After
the comamssion had reported 1 was on nominstion of Dr. V. 3. Cannon appointed
consulting physiologist in the Burezu of Mines. 1 an sending under separate
cover a raprint of two papers which Il.published in the sournzl of the A.il.a.

in 1916, snowimng the lines alowy which 1 worked; alsuo a copy uvf Technical Paper
82 on mine rescue anparatus, which was published in 1917 only a few wooks
before America dcelared war.

, In this work for the Bureau 1 nad veen particularly associated with G. A,

3urrell, V. H. Gibbs, and J. V. raul., accordingly when war became inevitabiso

Director Man.ing ufrored the sorvices of the Burecau of lines to the Council of

Ratiunal Defonse for the development of chemical warfare, and he telegraphed.to
the above mentioned group, togeiner with idr. Fieldner, and one or two others

to come to Washington for a cunference. The date was some time late in larch,

but.l have no exact record of it.

idr. Burrell snd 1 undertook the organization work. br. Paul scon dropned
out except for occasional ‘assistance on engine:mring mutters, while ir. Gibbs
devoted himself particularly to technical questions regarding the ccnstructien
of the cus mask. Mr. Burrell and I at that time were in cuntact chiefly
with dajor, now Colunel, L. P. Williameon, W.C. of the Genozal Staff.

-
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Abovut kay 10 we received telephone order from Hajor Williamson to provide
20.000 gus ruwsks. . ‘e had already enlisted the voluntary cooperation of many
chemical laboratories around the country to test charcoal and other absorbents,
and we hud carvassed the situation with reygard to a pe rmanent station. May 24
Dewey, Gibbs and 1 went to akrun to make tho arranjements with the Goudrich
Rubver Co-pany for the rubber harts of the first mask, und then returned Lo
Now York, where Uewey urnd uibbs arranged for the metal parts.

On June 10 the first half dozen mas<s were reudy fur test. They were tried
out by Dewey, durrell and myself on the basebnll diamond in Brockiyn scross
the stroet from the amaricu:. Can Hactory.

That night Dewey and [ went to Fittsvurgh with & number uf canistors and
the half dozen fuce pisces which were cumpleted. ilr irieldner and zbout a
dozen of his assistants were ul work in a shed in the ¢ld arsenal grounds where
the Bureau of ‘iUines was then pluced, testing absorbents and developing
gpparatus for testing cuanisters, You will understund that the first contingent
of ameriean truops were to suil for france in a short time and that it seemed
essential that they should be supplied with gus musks. The faclories were
ready to begin production as soon as we approved the model, represonted by the
few canistlors and face pieces which we had. ‘

1t was essential that tests on men should be run. Vo had heard so ruch
of the terrors of gas in the newspupers that everyone naturaily felt some
qualms on this aspocl of ithe work. It seered tov me thal it was my duty to tuke
the lead and on June 10 therefore when 1 rouached Pittsburgh 1 asked iir. Fieldner
and sr. Paul to have one of the gas chambers in the grounds at the arsenal
prepured for this test. C upared tv such Lests as we huve now laarned to run
it was crude and 1 think extremely dangerocus. As I look back on it it seems
provable that if the mask hai not afforded protoction 1-would have been severely
pussed, but 1 was dotermined that tho test should be one which would exceed in
severity anything tb which the nmasics woild be subjected while our soldiers were
woaring them. It scemed to me the une time al which I could expose myself
properly to personal danger in the cause of the war. The chumber contained as
wr. fieldner caleulated it 16800 liters of «ir, into which we. put two large
glass bottles, tubulated at the top and bottom, full of_chlorﬁne. Then 1 put on
the mask, wont intu the chumber, shut the door and oponed the huttles. 1 remembor
tho warm feeling as the chlorine fluwed Jown over my feet. 1 stayed in thore
16 minutes. I roslized uftorwards that 1 was pretty thoroughly scared. ‘'he gus
bleached my socks and {gilir and aided by perspiratioigcted on my undershirt so
that it pulled tu nieces when 1 later touok it off. oward the ond of the 15
minutes 1 Lo0k the mouthpicce out ¢f my mouth with the mask still on and tried

spouking to see whethar 1 would still ve protected.

1 mention all this because later on those musxks were found to have certain
defects, and u very harsh report wus sont back from i'runce. These defecis we
had ourselves discovered, Lutl even 80 1 was and am still of the opinion that
these carly masks, considoring &l11 the conditions, werc an exceilent product.
Colunel Burrell can supply yoiut with information on this matter.

Gn this date also we were usked tu supply specificutions and drawings for
an oxygen inhal:tor. This was planned by Mr. Paul, Ar. Gibbs and myself and was
adopted, and hus been 1 believe used successfully in i'rance. (an inferior form

or spparditus was also roported from irance, but on investigztion was proved to
have boen supplied from lingland.)



During uay and the early part of June uvurrell, Dewey, iLewis and-] looked
around the environs of Washington and also visited the Pivkatinny Arsenal and
.considered pluces in Uelaware and elsewhere for a station for the Gas Investi-
gations, rinally the american University was sglected, bu:. it was decided that
in the meanwhile the chemical work should bo developod underilr. Fieldner ai the
Pittsourgh station und that the medical science work should be uevoloped here
in How inven. vie

1 made arrangements witn the state govarnment o obtain all the stray dogs
taxen up in the western hulf of the state. The University alloweu us to Luke
the Yale t'ield and remodel the dthletic club house. Underhill was placeu in
charge of the section on metabolic disorders inducod by gas, and called Samuel
Goldschmidt and David Vright Wilson as his assistants. . G. Barbour was
appointed in charge of the pharmacological section, and iarshall and later Kolls
were brought hero. lardld . Plerce, who had luately bpoen an assistuant of
cannon, arthur id. Smith, who had veen a graduute student here, and otheors were
appointed. In particular H. V. lyyard was given 0rarge of the vork, at thut
tinme very active, on the determinution of Lthe toxicity of different substances
on mice. Tne developmont of the upparatus for this purposo was Jargely-due to him

.

£rom the beoginning 1 laid duwn one or two genaral nrinciples to which we
adhered pretty closely, namely thut as we were not rushed us the Fng;lish and
#rench had veen the work dono should be ¢of as high grade a scientific character
as possible, in particular that the gassing shuold ue as cncurately quantitative
a8 possible. Tre ammaratus which has coma to be used origlnated in this way.
I saw in Pittsburgh the arrangement which Ficldner was using for testing
canisters and the way that he was using flow melsrs, etc. 37 the time we copened
the laboratory at ZYnle rfleld, uwbout tha 20th or ..6th of June, 1917, L had drawvn
un a plan fur a gassing apparztus with a continuous low of air, This 1 balieve
differs rrum anything that hus. been used on the other side f the ocean. It was
at first somewhs t leaky and 1 rewember :ne day when 1 was cailed out to Yale
rield by a report that men were being grssed, und.found pretty neerly the whole
force in a state of panic. “he plan of having the chamber ventilated, the hood
ventilated separately, and the room ventilated mfain separately was the result
of this. Underhill, darshall and Barbvour all contributed to the perfeciitn of
this apparatus, which has veen the basis fur all of the animul investigation that
has since beendune. '

A8 you know underhill found that animuls which he was usdng merely for
ovservation and study, without any intention of treating them, proved to be
more resistunt than others which he did not study. As the only trautment which
he pave was the withdrawal of blecod for analysis this furnished a hint out of
wizich nis work develpped. 1n September~it seemed best Lhat rshall and his
rroup should movae to Washiyrton.  The othor work was continued here.

1 night add thut during the summer Harold . Plerce was al work partly
here and partly in Pitiscurgh on the improvement of the masik. ile was later
transferrec tu the aviation inveslijgations. -

Barl: in Auygust William 3. sacon, a former student of mine, came here and
was put Lo work us a luboratory assistant. In the course uf a few wecks |
sdvanced him to & penoral manager of the New iinven station in repard to all
business :uw:ltars when 1 was awgy. At the time there waa a rogular feexkly meeting
in Washington of & lurpo cormittee, including Laj. L... Williumson and Cuaptain
Ragedale, ut wnich pluns were rude. VWhen we were informed lhat the armay intended
to manufacture and use poimonous puses, Captain ilugsdales put up Lo ne the question
of methods of detemining tne afficiency of their use in the ficld. 1 suggested
that it would be necessary f'ur me to put Lhis mutlter in churge of some one whose
work 1 should merely sunervise. Because of his versatility 1 propused Bacon.




Wie made a little demonstration of a kind of mouse trap with electric contacts
which proved so impressive to the committee that osur plans waere approved.

, 1 noed scarcely suy thal Lthe mouse truep has never been usol since. Early
in the autumn Bucon moved to Vashington, 58 he then expected to carry out
shell tosts etc. near tho Jumerican University. o can supply you with a

v

more definite account of his doings than 1 can furnish.

As soon as 1 understood thsat thé srmg wus to manufacture gases 1 realized
that there would be an immense amount of industrial poisoning, and it was to
meet this need, as my letters to you show, that 1 wrote to you.

1 do not know whetker you wish to g£o into the aviation side of the vork, but
that really was an outprowth of the medical divisions of the gas investigations.
You will find an account of the scientific side of this work in the Journal of
‘the A..a. fur Lctober 26, 1918, { seems 10 me that in your renurt at least
a mention of this work and of the names of Z.C.5¢chneider, James L. ‘hitney,
Harvld r. Plerce, and Xnight Dunlap might advantageously ve included. 4Yhe
Medicul soard of the -air Service was uf course outside «f the gus orgunization,
but the nmen who.did:the actual work in the laboratory, Schneider, Whitney,
et al worked fur u Lime at the smericmn University and 1 think deserve mehtion.

1 would be glad if jyou would ask ir. iieldner for zn account of the first
ga8 mack Lest, as the ne time in my life that it has come my way Lo face
real danpger in the puvlic service was on that occasion, and as I luok back
on it I think it was & real danger.

Regardimy my activities I might mention that 1 was two or three nights in
a train for the greater mart of the first yeay,and on one occas:on got up
as hign as five out of eight nights.

Most of tne foreseing is Jjust personal detail which you won't want to use,
sad which probzoly will e of nu interast Lo anyone but me, but 1 have dictated
it just as it came to my mind from such scattered memorands as I cun find.

3y the way, an acknowledgment of the splealid suppurt given by Yale
University in regurd to Yale rield and in regard now to the new Luboratory
which is to ve fitted up here is 1 think propor. :
Cordially yours,

YANDBELL HENDALON




DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD
ABERDEEN PROVING GROUND, MD 21010-5424

REPLY TO
ATTENTION OF:

APR 14 2015
RDCB-DPS-RS

MEMORANDUM THRU Director, Edgewood Chemical Biological Center (ECBCéfZ/
(RDCB-D, Mr. Joseph L. Corriveau), 5183 Blackhawk Road, Aberdeen Proving Gfound,
MD 21010-5424

FOR Office of the Chief Counsel, US Army Research, Development and Engineering
Command (RDECOM), (AMSRD-CCF/Ms. Kelly Knapp), 3071 Aberdeen Boulevard,
Aberdeen Proving Ground, MD 21005-5424

SUBJECT: Operations Security/Freedom of Information Act (FOIA) Review Request

1. The purpose of this memorandum is to recommend the release of information in
regard to request to RDECOM FOIA Requests FA-14-0054.

2. ECBC received the request from Ms. Kelly Knapp, the RDECOM FOIA Officer. The
request originated from gathering
information on the Chemical Warfare Service.

3. The following documents were reviewed by Subject Matter Experts within ECBC:

a. History of Research at Yale University, dated 20 Nov 1918, 11 pages.

b. Bancroft's History of the Chemical Warfare Service in the United States, by
Lt. William Bancroft; AD-495049; dated 31 May 1919, 206 pages.

c. A Historical Sketch of Edgewood Arsenal, by Lt. William McPherson; AD 498494,
date unknown, 20 pages.

d. The Diary of Jet Parker; C390D1; dated Sep - Dec 1918, 26 pages.

e. American University Technical Reports, Bureau of Mines, War Gas Investigations
(WGI) Monographs, date unknown.
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RDCB-DPS-RS
SUBJECT: Operations Security/Freedom of Information Act (FOIA) Review Request

4. ECBC has determined that all of the reviewed documents are suitable for release,
however, all documents must have the classification/distribution changed through the
Defense Technical Information Center prior to any release.

5. The point of contact is Mr. Ronald L. Stafford, ECBC Security Manager,
(410) 436-1999 or ronald.l.stafford.civ@mail.mil.

RONALD L. STAFFORD”

Security Manager






